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Disclosure to Promote the Right To Information 

Whereas the Parliament of India has set out to provide a practical regime of right to 
information for citizens to secure access to information under the control of public authorities, 
in order to promote transparency and accountability in the working of every public authority, 
and whereas the attached publication of the Bureau of Indian Standards is of particular interest 
to the public, particularly disadvantaged communities and those engaged in the pursuit of 
education and knowledge, the attached public safety standard is made available to promote the 
timely dissemination of this information in an accurate manner to the public. 
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NATIONAL FOREWORD 

This Indian Standard (Part 15) (First Revision) which is identical with ISO 5017 : 1993 'Dense shaped 
refractory products — Determination of bulk density, apparent porosity and true porosity' issued by 
the International Organization for Standardization (ISO) was adopted by the Bureau of Indian 
Standards on the recommendation of the Refractories Sectional Committee and approval of the 
Metallurgical Engineering Division Council. 

This standard was originally published in 1991. This revision of the standard has been taken up to 
align it with ISO 501 7 : 1 998 by adoption, under dual numbering system. 

The text of ISO Standard has been approved as suitable for publication as an Indian Standard without 
deviations. Certain conventions are, however, -not identical to those used in Indian Standards. 
Attention is particularly drawn to the following: 

a) Wherever the words 'International Standard' appear referring to this standard, they should 
be read as 'Indian Standard'. 

b) Comma (,) has been used as a decimal marker, while in Indian Standards, the current 
practice is to use a point (.) as the decimal marker. 

In this adopted standard, reference appears to certain International Standards for which Indian 
Standards also exist. The corresponding Indian Standards, which are to be substituted in their 
places, are listed below along with their degree of equivalence for the editions indicated: 



International Standard 

ISO 758 : 1976 Liquid chemical 
products for industrial use — 
Determination of density at 20 °C 

ISO 5018 : 1983 Refractory materials — 
Determination of true density 



Corresponding Indian Standard 

IS 4730 : 1994 Methods for determination 
of density of liquids (first revision) 

IS 1528 (Part 9) : 2007 Methods of 
sampling and physical tests for refractory 
materials: Part 9 Determination of true 
density (fourth revision) 



Degree of 
Equivalence 

Technically 
Equivalent 

Identical 



For the purpose of deciding whether a particular requirement of this standard is complied with, the 
final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in 
accordance with IS 2 : 1960 'Rules for rounding off numerical values (revised)'. The number of 
significant places retained in the rounded off value should be the same as that of the specified value 
in this standard. 
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1 Scope 

This International Standard specifies a method for the determination of the bulk density, apparent porosity and true 
porosity of dense shaped refractory products. 

2 Normative references 

The following standards contain provisions which, through reference in this text, constitute provisions of this 
International Standard. At the time of publication, the editions indicated were valid. All standards are subject to 
revision, and parties to agreements based on this International Standard are encouraged to investigate the 
possibility of applying the most recent editions of the standards indicated below. Members of IEC and ISO maintain 
registers of currently valid International Standards. 

ISO 758: 1 976, Liquid chemical products for industrial use — Determination of density at 20 degrees C. 

ISO 5018:1983, Refractory materials — Determination of true density. 

3 Definitions 

For the purposes of this International Standard, the following definitions apply. 

3.1 

bulk density 

(Pb) 

ratio of the mass of the dry material of a porous body to its bulk volume, expressed in grams per cubic centimetre or 

in kilograms per cubic metre 

3.2 

bulk volume 

sum of the volumes of the solid material, the open pores and the closed pores in a porous body 

NOTE — The roughness of the surface limits the accuracy of definition of the bulk volume and consequently, that of the bulk 
density. Also, the concept of bulk density becomes less precise when the volume of the sample diminishes below certain limits 
or when its texture (size of pores and grains) is too coarse. 

3.3 

true density 

(pt) 

ratio of the mass of the dry material of a porous body to its true volume, expressed in grams per cubic centimetre or 

in kilograms per cubic metre, determined in accordance with ISO 5018 
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3.4 

true volume 

volume of the solid material in a porous body 

3.5 

open pores 

those pores that are penetrated by the immersion liquid in the test described 

NOTE — These pores are, in principle, all those that are connected with the atmosphere, either directly or via one another. 
Here also the roughness of the surface imposes a limit to the accuracy of the definition of the volume of the open pores. 

3.6 

closed pores 

those pores that are not penetrated by the immersion liquid in the test described 

3.7 

apparent porosity 

(*a) 

ratio of the total volume of the open pores in a porous body to its bulk volume, expressed as a percentage of the 
bulk volume 

3.8 

closed porosity 

to) 

ratio of the total volume of the closed pores in a porous body to its bulk volume, expressed as a percentage of the 

bulk volume 

3.9 

true porosity 

(*t) 

the ratio of the total volume of the open and closed pores to the bulk volume of the material, expressed as a 

percentage 

NOTE — Consequently, the true porosity is the sum of the apparent porosity and the closed porosity. 

3.10 

dense shaped refractory product 

product having a true porosity of less than 45 % (VI V) 



4 Principle 

4.1 The following are determined by weighing: 

— the mass of a dry test piece; 

— its apparent mass when immersed in a liquid with which it has been impregnated under vacuum; 

— its mass in air while still soaked with the liquid. 

From these values and from the true density of the material, determined by the method specified in ISO 5018:1983, 
its bulk density, apparent porosity and true porosity are determined by calculation. 

4.2 The precision of the results does not require any correction to be made for the fact that weighings are carried 
out in air, not in a vacuum. 
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5 Apparatus and materials 

5.1 Drying oven, capable of being controlled at 1 10 °C ± 5 °C. 

NOTE — A fan-assisted oven with ventilation would assist in attaining an even temperature distribution and efficient drying 
of the test pieces. 

5.2 Balance, with an accuracy of ± 0,01 g that can be arranged so that fest pieces can be suspended in the 
immersion liquid (see figure 1 ) 

5.3 Beakers, of a suitable size for containing the samples during soaking (see 7.2) and when determining the 
apparent immersed mass (see 7.3). 

5.4 Evacuating equipment, capable of reducing the absolute pressure to a value no greater than 2 500 Pa 
(0,025 bar) and a means of measuring the pressure used (see figure 1 ). 

5.5 Thermometer, accurate to ± 1 °C. 

5.6 Immersion liquid: For materials that do not react with water, the immersion liquid may be cold distilled water. 
For materials that are sensitive to contact with water, a suitable organic liquid shall be used. The immersion liquid 
shall not fractionate at a pressure above the absolute pressure attained in the test. 

NOTE — Distilled paraffin may be used for hydratable materials. 

5.7 Desiccator 



6 Number and shape of test pieces 

6.1 The number of items (for example, bricks, shapes, nozzles) to be tested shall be determined by agreement 
between the interested parties. 

6.2 The number of test pieces to be tested per item shall be agreed between the parties; it shall be stated in the 
test report. If the test pieces are cut out of bricks or blocks, the same number shall be cut from each one, in order to 
facilitate statistical analysis. 

6.3 Test pieces shall be cut in the form of prisms or cylinders. The bulk volume of a test piece shall be not less 
than 50 cm3, and shall be not more than 200 cm3. The ratio of the longest to the shortest dimension of a test piece 
shall not exceed 2:1. 

NOTES 

1 Where it is not possible to obtain the given size and volume from the item, test pieces of other dimensions and volume may 
be used by agreement between parties, and are to be reported. 

2 If test pieces are to be cut from an item in which variations in density could occur, the position of the test pieces should be 
agreed between parties and stated in the report. 

6.4 Any test piece showing cracks shall be eliminated, since these might falsify the determination of the bulk 
volume. 

7 Procedure 

7.1 Determination of mass of dry test piece (m-\) 
See figure 1. 

Dry the test piece at 1 10°C ± 5 °C to constant mass, i.e. until two successive weighings made before and after at 
least 2 h in the oven (5.1) do not differ by more than 0,1 %. 
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Before each weighing, place the test piece in a desiccator (5.7) until it has cooled to room temperature. Weigh each 
test piece to the nearest 0,01 g. The mass determined is the mass of the dry test piece (m-|). 

7.2 Soaking of test piece 

See figure 1 . 

Carry out a check test to ensure that the apparatus will hold a vacuum. Place the cooled and dried test piece in an 
air-tight vessel. After sealing the vessel, evacuate it until a pressure of not more than 2 500 Pa is attained; maintain 
this vacuum for at least 15 min. In order to ensure that all the air has been removed from the open pores, isolate 
or disconnect the vessel from the vacuum pump (5.4) and check that pressure does not rise through any 
de-gassing of the test piece. Re-connect the vessel to the vacuum pump and progressively introduce the immersion 
liquid (5.6) so that, after 3 min, the test piece is covered by about 20 mm of liquid. Maintain this reduced pressure 
for 30 min, then switch off the pump and open the vessel. Wait a further 30 min to ensure that the liquid penetrates 
into all the open pores. The test piece or test pieces shall remain covered by the immersion liquid throughout the 
impregnation and until removed for subsequent weighing (see 7.3 and 7.4). 

NOTE — Certain fine porosity materials such as refractories containing carbon and some clay products may require longer 
periods of evacuation and soaking. If a different soaking time is used this time should be stated in the test report. 

7.3 Determination of apparent mass of immersed test piece (W2) 

See figure 2. 

Suspend the test piece by a thin thread from the load-pan suspension point of a balance (5.2) and weigh it while 
completely immersed in a quantity of the immersion liquid, contained in a beaker (5.3) standing on the bridge, 
if used. In this way, the apparent mass of the immersed test piece is obtained (m2)-The weighing shall be made to 
the nearest 0,01 g. Determine the temperature of the immersion liquid to an accuracy of ± 1 °C. 

7.4 Determination of mass of soaked test piece (w?3) 

Remove the test piece from the liquid and immediately sponge it quickly and carefully with a damp sponge or cloth 
to remove droplets and the surface film of liquid. Be sure not to draw liquid out of any of the pores. 

NOTE — Consistent results have been obtained by keeping-for this purpose alone-a linen cloth which, having been washed 
two or three times when new to remove the dressing, is immersed in the immersion liquid and lightly wrung out by hand before 
each use. 

Immediately weigh the test piece in air to the nearest 0,01 g. Take care to ensure that evaporation of the immersion 
liquid does not lead to any appreciable loss in mass during the weighing operation. In this way, the mass of the 
soaked test piece is obtained (^3). 

7.5 Determination of density of immersion liquid 

Determine the density pij q of the immersion liquid used in the operation at the temperature of the test in grams per 
cubic centimetre or in kilograms per cubic metre. If water is used, the accuracy of the test is such that its density 
between 15 °C and 30 °C can be assumed to be 1,0 g/cm 3 . Refer also to ISO 758. 



8 Expression of results 

8.1 The bulk density pt,, expressed in grams per cubic centimetre, is given by the equation 

p b = ] x p .,.(1) 

The bulk density shall be expressed in grams per cubic centimetre or in kilograms per cubic metre [by multiplying 
the result from equation (1) by 10 3 ]. The value shall be given to three significant digits. 
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8.2 The apparent porosity n a , expressed as a percentage by volume, is given by the equation 

* a = ^J=l x 100 ...(2) 

8.3 The true porosity 7r t , expressed as a percentage by volume, is given by the equation 

K = Pt ' Pb x 100 ...(3) 

Pt 

The closed porosity n% expressed as a percentage by volume may be calculated by the equation 
The values of porosity shall be given to the nearest 0,1 % (V/V). 

9 Test report 

The test report shall include the following information: 

a) the name of the testing establishment; 

b) the date of the test; 

c) reference to this International Standard, i.e. determined in in accordance with ISO 5017:1998; 

d) the description of the test material (manufacturer, type, batch number); 

e) the number of items tested; 

f) the number of test pieces per item and if relevant their position; 

g) the pressure to which the vacuum chamber was reduced; 
h) the immersion liquid used; 

i) the individual values and the mean value of the bulk density, apparent porosity and true porosity for each item. 
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Test pieces 

Immersion liquid 

Beaker 

Tap funnel 

Pump isolation valve 

Pressure measuring device (e.g. manometer) 

Desiccator 

Air outlet (to vacuum pump) 



Figure 1 — Example of a vacuum system for soaking test pieces 
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Key 

1 Test piece 

2 Immersion liquid 

3 Beaker 

4 Suspension thread 

5 Bridge 



Figure 2 — Arrangement for the determination of apparent mass of immersed test piece using 

single- and double-pan balances 



Bureau of Indian Standards 

BIS is a statutory institution established under the Bureau of Indian Standards Act, 1986 to promote 
harmonious development of the activities of standardization, marking and quality certification of goods 
and attending to connected matters in the country. 

Copyright 

BIS has the copyright of all its publications. No part of these publications may be reproduced in any 
form without the prior permission in writing of BIS. This does not preclude the free use, in course of 
implementing the standard, of necessary details, such as symbols and sizes, type or grade 
designations. Enquiries relating to copyright be addressed to the Director (Publications), BIS. 

Review of Indian Standards 

Amendments are issued to standards as the need arises on the basis of comments. Standards are 
also reviewed periodically; a standard along with amendments is reaffirmed when such review 
indicates that no changes are needed; if the review indicates that changes are needed, it is taken up 
for revision. Users of Indian Standards should ascertain that they are in possession of the latest 
amendments or edition by referring to the latest issue of 'BIS Catalogue' and 'Standards: Monthly 
Additions'. 

This Indian Standard has been developed from Doc: No. MTD 15 (4709). 

Amendments Issued Since Publication 

Amendment No. Date of Issue Text Affected 



BUREAU OF INDIAN STANDARDS 
Headquarters: 

Manak Bhavan, 9 Bahadur Shah Zafar Marg, New Delhi 110 002 

Telephones: 2323 01 31 , 2323 3375, 2323 9402 Website: www.bis.org.in 

Regional Offices: Telephones 

Central : Manak Bhavan, 9 Bahadur Shah Zafar Marg ( 2323 7617 



NEW DELHI 110 002 12323 3841 

{ 



Eastern : 1/14, C.I.T. Scheme VII M, V.I. P. Road, Kankurgachi f 2337 8499, 2337 8561 

KOLKATA 700 054 1 2337 8626,2337 9120 



Northern : SCO 335-336, Sector 34-A, CHANDIGARH 160 022 ( 260 3843 

1 260 9285 

Southern : C.I.T. Campus, IV Cross Road, CHENNAI 600 113 f 2254 1216, 2254 1442 

1 2254 2519,2254 2315 

Western : Manakalaya, E9 MIDC, Marol, Andheri (East) t 2832 9295, 2832 7858 

MUMBAI 400 093 I 2832 7891 , 2832 7892 

Branches: AHMEDABAD. BANGALORE. BHOPAL. BHUBANESHWAR. COIMBATORE. FARIDABAD. 
GHAZIABAD. GUWAHATI. HYDERABAD. JAIPUR. KANPUR. LUCKNOW. NAGPUR. 
PARWANOO. PATNA. PUNE. RAJKOT. THIRUVANANTHAPURAM. VISAKHAPATNAM. 



Printed at Prabhat Offset Press New Delhi-2 



